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(54) Title: METHODS FOR IDENTIFYING AND USING LOW/NON-ADDICTIVE OPIOID ANALGESICS 
(57) Abstract 

lure sv^Xr^T™!?, m»^ e,h0d ° f * con ^ n ^ ° r an electrophysiological method and a cell cul- 

aa-Z ™ or l dor ? 8, • ^ ° 0, S^gl'on (DRG) neurons to screen and identify opioids with a high potential Tor use as "low- or non- 

■tied by the bioassay of the invention for the unique ability to activate only inhibitory, but not excitatory, opioid receptor function 

phine or the opioid alkaloid family as low- or non-addict.ve analgesics and for the treatment or opioid addiction The orient in- 
S5ii2! *° v f P h 7 Pa ; a f° n / d L hydr0e,0r P h r ^-chloride (Tri-t.^R^ydroxy-.-LthylbutyVe,.^ Tend'oSno- 

^^^^co^ as an Jiv« ingredient in the 
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METHODS FOR IDENTIFYING AND USING LOW/NON ADDICTIVE OPIOID 

ANAU3ESICS 

ooi <T inVenU ° n " UUs t0 a =P-»ic group of 

oproia agonists for usa as low/non . addictive ^ " ' 

for tre at „ent of opioia aaaiction. More Particularly th' 
present invention ls dlra<;led ^ £ »^« y . the 

aihyaroetorpMne, Onnefentany! a „a other oplold and 

I " 5 "; 8 th '" 0t «• as iow/non-.^ictive . 

aaartron, this invention provides a bioassay „ athv a to 
soreen ana iaentify such oompounds ^ th / ab £* ° 
selectively activate inhibitory but not excitatory o, La 
receptor-nediatea functions. 9 P 

The present invention also relates t „ «, 

^linet^:^ 

l^H ^ SrPhine hydrOChl ° cide C-H-(R)-hyaroxy-l- 
»ethy lb utyl,- 6 . 14 - ando . al;hano . t a aroQ r v ^ 

and ph ™"- thereof. - 

Clinic a7. Paih T 0 " 0 " °' *> '"e 

»ith the or M 1 eVer ' ■»* W trouble* ; 

^ Pr ° ble * of d ™9 "Miction, for -ore than . 

XWt :fr S ' Ovists, ana clinician »ve 

»ethadohe (Pig 1( ,n 1 T " -P-idine. . . I • 

asvelopea. were subsequently 

However, none of these aruqs exert «t,=t,- " . 
effects i„ patients without ^CST ^ ! ' V 

western countries, methadone substitution has be.n , 

for fho 4-, *. i_ wj.uuuj.pn nas been employed 

for the treatment of drug abuse for some time; 
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'■Zsti r h treat " ent usoauy — fc * ' 

ut*t >■■ . * lechanisms underlying opioid 

ad«i c t>en for treating drug abuse and particLrlv a 

scr ~~ - — * ' t v r ans 

; . The present invention is directed to an in vitro 
screening nethod for identify™ '. ", 

PPioid analgesic by sire ' , , "to^ehtlf" ^ ,? 

r ^ - **** - c ::r r 

- y neur s C „°" : Pl ° ld ^°^*ed Motions or 
^ sory neurons in a dose-dependent .anner over the 

ide„ti f d r;cXr-; ! **.-" ~ as are 

« a "nsory'neur: io a ; ^e V en?U ' 
culture ecrebning ^S^SS^S^ ! 
which shorten the apd but V ! ' °" loi * expounds 

a control apd *e„ the relative to 

concentratil! " i ? < = < ""?°Vnds are assayed in the , . ' ' ■ 
eventration range of about f M to about „H. ooiold 

rz: a or^-ad::\r a "¥ ri5t - * 

-ef er. b : y ?-: a a : f^tur .^S^? "i^inventi^,;; 

easing . 4 orsal-root ganglio" « ? n S tY^ 

candidate compound, typically bv V r , 

crief intracellular C^S^^^^ 1 "'-' * ' 

and recording oploid-induced alL»> . D,,G 

OP, neuron ^-^^^^^IW^.^^^^,:-.; 

-thod of the p^:: ; c 7£r%n ,s identit ^ b ^- a - 

evdKin, the inhibitory but tt ^S^' " 
cpioid receptor-nediated functions, pa o' r ' „ Llry 
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raplace-ent oploid or naIo ^ n " 10nS °" n als ° contain a 
Yet another aspect of fv»i„ < 

amount of , non-addictive opioid anal"!'? ' ° t! °° tl <>° 

tho^oi. to . pattent ; u t °: w ,^ 10 ' 

suppress withdrawal sy», p to»,s th,- <=" »U™ or .. 

^loid is W i thheld Ir r „Lt t i- t " h \ n K the a,,di,3t ^ 

administration of tho - ' After «» initial 

p««d to Pe r u a v ::r ;t e r^*-** <~ 

— °f the non-addict .e 'io d "^"wa! s ym pto*s. the 
-creased fro, tee or! La ' ^ ^ 
Efficient to fully wean \ OW " "** 

without untoward side "fee e ' ?W 
-ministration of th i^^* ^ 
for about ! to about 5 davs iZ il analgesic : lasts 
«~ about 1 to ebout rZ^VllT^r^ ^ > - 
withdrawn from opiold addict on^itM > ^ - ' ' 

« aay Period. In . preferred ^L"" " >*« 2 * > 

opioid analgesic is etorphln! ^ ' ^ "'"-addictive : ' 

.-ministered at a l"?^" initially 

Par day. Such ^ t0 about loop /ig .' . 

aubU„,„ aUy . intramuscularly :r Ltr" lniSt '" d V ; ^ 
by intravenous dripping' deo ° "trayenou.ly. Preferably 
Withdrawal sy„pto„ s Vch ' ^^.of the ^ 

opioid addiction is treated 'bv id!i , more prnterably, . 

r: 500 - - -^roXnir : i r v-t > - . 

about one to about three days admini ► " '° r 

-nt of dibydroetorphine for ££££ 
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.bout seven days s Q that no further dihydroetorphine is 

TitZr r l by h ab ° Ut 10 dayS th * ««t ad.inistration of 

dihydroetorphine. 

5 tre. t t ' aS " eCt ° f im " s " ti °" ProvWi, a method of 

5 treating opioid addiction by administering on effective . 

HT <>f ,:."° n - ad<ii< '"- ana„esic, to a patient for 

I!;! SU " 10,Cnt f ° r ^-Jlate relief or suppression of 
withdrawal symptoms due to said opioid addiction; 
administering an effective amount of a long.r-.ctin, 
10 replacement opioid for a time sufficient t 9 maintain the Z 

admlnLr r PPreSSl ° n °' followed by 

administering a decreasing dose of the non-addictive opioid 
an igesic for a time sufficient to wean said patient from 
- said opioid analgesic without untoward side effects 
15 Typically the initial administration of the non-addictive 
opioid analgesic „sts for about , to about , d„ys. the 
administration of the replacement opioid lasts for about f & 
ana, 3 days, and the return to the non-addictive opioid ■ 

20 'SVl T t U — »"ant weaning period lasts from 

from • ?/ b ° Ut " da,S ' B °> at * can be withdrawn * 

f«m opioid addiction within ,„ overall , to 1, day period. 
Alternatively, the initial administration 0 f the non- 
addictive opioid analgesics and administration of the ■■ 

25 7oZZT ° Pi ° ld C> " bS staultaneously. Thus, these '£ 

two opioids are co-administered until the patient is 
re ieved of withdrawal symptoms (e.g. the symptoms are 
effectively suppressed,. Thereafter, administration of the 
replacement opioid is discontinued and the non-addictive 

30 Iv'? dOSa?C IS redo ed ^ 

T " U Veaned ° tf « lhe "on-addictive opioid 

opioids T ' Peri0d5 Ministering these 

tl TT 2 ^ ab ° Ut —«W>«r weaning is obout - 
1 to about 8 days, so that the patient can be withdrawn from 
opioid addiction within an about , to about 1, day Period 

U et Pr T" d e " b0d4 " ent "Pioid L gleic 

is etorphme or. dihydroetorphine initially administered at i 
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Zllll fr ° m ab ° yt 10 " g to about p« -y. suc h 

dosages are usually administered sublingual^ 

et:~ti :i th b d y int ~ * 

5 PreferaLv th Sy ™ pt ° ms *» the patient. 

Preferably the replacement opioid is mpl - ha , J . . 

per os a . a , , F ' * methadone administered 

Per os at a dose of about 5-100 mg/day 

meth d 't L l l fUrth6r ° f the i^ntion provides a 

method of treating acute or chronic pain with a low 
addictive opip id analgesic. In particular dihv T 
10 hydrochloride f dhfi <« ^ • j >. - 1CUlar ' d : ihydroetorphine 

typicaUy ,coo»pHs„ed b y ad„i„ lB tratio„ of .bout 'o J 

» r to about ieo — * * " 9 

s^;.^; : :; ypi r uy n ° •*•.» »-- v 

admlnL.-,...- , P " '""'""y »=co,» p lish<,d by 

«rr n ° about 2o -' m »he *,i„, MU ., „ p y to 

non-addictive opIeM .„ T ' ^ ' ^ ^ pr 

the no„-„ddictive opioid anaiLiE ? I "^"^ 
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low- or non-addictive opioid analgesic permits treatment of 
pain without addiction or with a low incidence of addiction 
Preferably the analgesic is DHE, etorphine, ohmefentanyl or 
a pharmaceutical^ acceptable salt thereof, and the 
replacement opioid is morphine, methadone or fentanyl. 

The present invention also relates to improved methods 
for the preparation of etorphine, DHE, and analogues thereof 
using thebaine as the starting material. Fpr example, the 
present invention provides a method for the preparation of 
dihydroetorphine hydrochloride (7a-{V(R) -hydroxy-i- 

^thylbutylJ-6,l4- e ndo-ethano-tetrahydrpori P avine 
hydrochloride) and other salts of DHE. .'" ' 

In particular, the method for preparing 
dihydroetorphine and its analogues [Figs. 13, 14 and 15] 
comprises (1) reacting thebaine with an excess of methyl 
vinyl ketone for a time and under conditions sufficient to 
produce a first product and recovering that first product; 
subjecting the first product to catalytic hydrogenation to 
produce a second product and recovering that second product; 
reacting the second product with a qrignard reagent of the 
formula RMgX for a time an* under conditions to produce a ' 
third product and recovering that third product; reacting: !. 
the third product with a strong base in an anhydrous 
solution for a time and under conditions sufficient; to 
produce dihydroetorphine or its corresponding analog, V 
wherein R is a lower a*kyl group and x is a halogen. The R 
group is preferably n-propyl or i-amyl. The method of 
preparing etorphine and its analogues in accordance with . 
thas invention follows the same method for preparation of 
DHE except that catalytic hydrogenation step is omitted 
When preparing etorphine or etorphine-related components, R 
xs preferably n-propyl, n-butyl, n-amyl, i-amyl or 
cyclphexyl. 

. . 1 ^Picts the structure of opioids: (i, m orphin e; . 

(II) methadone; (III) etorphine (a) and analogues (b,c d e) 
thereof, (IV) dihydroetorphine (a) and an analogue (b) ' ' 
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thereof, and (V) naloxone. 

Fig. 2 illustrates positive- and negative-feedback 
Phosphorylation mechanisms in dorsal root ganglion (DRG) 
neurons that may result in opioid excitatory 
supersensitivity and opioid inhibitory desensitization 
during chronic opioid exposure. Sustained activation of 
excitatory Gs-coupled opioid receptors increases adenylate 
cyclase activities and PKA, resulting in: (a > cAMP-dependent 
elevation of GH1 ganglioside via PKA, and (b, activation of 
voltage-sensitive K* and Ca» channels, leading to action 
potential duration (APD) prolongation and enhanced 
transmitter release (if similar APD modulation occurs in 
presynaptic DRG terminals) . Elevation of GH1, in turn 
enhances the efficacy of excitatory Gs-coupled opioid ' 
receptor functions, i.e. . heterblogous sensitization 
(resulting in dependence) . The upregulated AC/cAMP/PKA 
system may concomitantly phosphorylate ligand-bound 
inhibitory opioid receptors, thereby attenuating their 
coupling to Gi/Go, i.e., heterologous desensitization 
(resulting in tolerance to opioid inhibitory effects) 
Abbreviations:. AC, adenylate cyclase; PKA, cAMP-dependent 
protein Kinase; g K , membrane conductance; g c ., membrane 
c a conductance . 

Fig. 3 illustrates that acute application of pM-uH ' 
concentrations of ei; e rphine to a naive DRG neuron elicits^ 
inhibitory shortening of the APp. 1: Action potential (AP) 
generated by a DRG neuron in Hank's balanced salt solution 
containing 5 ^ ca- and 5 mM Ba" (BSS), AP response in 
this record (and in all records below) was evoked by a brief 
(^sec) intracellular depolarizing current pulse. 2-5: The 
APD is progressively shortened by bath perfusion of T7m i 
PM, X nM and l M M etorphine, respectively; 6: After washout 
of etorphine, the APD recovers. . 

Fig. 4 shows the dose-response relationship of 
etorphine, DHE and dynorphin (1-13) (Dyn l-i 3 ) e f fects 
the APD of DRG neurons. Etorphine and DHE elicited a dose- 
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dependent Shortening 0 f the ApD ^ ^ ^ 
in contrast, pyn elicited « dose-dependent 

»ucn°nrn i0n * ^ fH - nH C ° TCe r^ii 

» (n!" 5 " C ° n ° entrati<>n5 *• " °"°"en the APD 

5 "Urates that chronic exposure of a DRG 

neuron £ ! bi "° <, * lly «•**. .<»"«*> causes the DRG 

neuron to becoae Supersensitive. to the excitatory effects of 
avnorphin „. u) (Dv „, . whereas perfusion of etcrph ne 

S f :5h0rUne '' sanie ORG „e« h . ' , 

(inhiWtory response,, i, Action potential generated by a 

*"' ,d . in BSS " lth 1 »" 2, APD is prolonged by 

1= 3 A™ 7 °* 1 DY " " Uh 1 < 5 test, . 

1= ia±. APD as further prolonged by seguentiaUy raising he 

Oyn concentration to l n„ and , „„ (5 „ ln J t ■* £ . 

control response 5 „i„ aftet washout of Dyn with BSS 

the 'prof th"" ^ ' £M ^^ <«orp, shortens . 

,„ n h „* P , same TOG .?«««•» in the presence of l „» 

"T^** r-thcr increases in the concentration of ' 
10- r AP n " e ! r °" 1 *° * ^-ivriy shorten the APD. 

act,„ • , Chr<,nic to a bi-odaUy 

25" con Vv (DAPLS> £OUOWe,i *" =«te application of low 
25 concentrations of etorphine can block the excitatory APD- 
prolonging effects precipitated by naloxone (»«, ih thi , 
supersensitive DRG neurons 1. i.' ■' . 1 

a DRG n.„,™ t ! neurons, l. » c txon potential generated by 
a DRG neuron treated for 2 wxs in culture, with » „„ DADLE 
and then tested in BSS with 1 „„ DADLE. 2: 1 „„ „ LX 
30 prolongs the APD of this DRG neuron ,5 nil test,. „ 

(cr,n'sh M "'I™* 10 """"^ °" naive DRG neurons • 
(crarn . shen , i, M .,„, 2! Acute addition of i p „ etorphine 
attenuates the naloxone- induced APD prolongation (5 min 
„ , 1 \ FUrther ta «— *» concentration o, etorphine to 

" ! St °°- Ut * iy the naloxone- induced APD 

prolongation. 
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sustained l " 1US ' rateS the <* naloxons-precipitated. 

injections in morphine-dependent rat* n=, « i 

"o ng/kg , dtvlded lnto 2 P SU ^ ^ T 2 JT 3 "' norphi " e 

into 4 ^.hrt™ .... suoqoses, DHE 12 |lg/kg, divided 

into 4 subdoses,- methadone 24 mg/Kg, dl „ ided into ■ 

~£r^""f ClrCU! -PHine, rpup; ope „ 5irole! DHE 

IrZ' 11 la, " le: " lW »' ™^.", e control 
.roup. x ± SD , ,„ p<o . 01i as co „ pare(J with saUne oo „ lrol 

»orohi! r °" "* 10X *~ ^«^ W Weight loes in 

first , Pendent " tS - b " dy " Si ' ht <*W the 

first naloxone precipitation test ia provided in column a 

The aacond naloxone precipitation teat was performed after 4 
«eva of maintaining on, group pf rets with LrpnL ( * ' 

Z l'TJ^ Lnl ° 2 SUbd ° 5e ='- " second group wit n DHE 

;**"' : W * *"*•■« ««r.ea, and a rhird g OU p 
with methadone „4 mg/d.y, di v id e d intp 4 subdoses) ^ 

^ Z T Tl " t0r SeC ° nd P-cipitetio 
■2Tf rsHnf ln , COlU " n P values between 

P <o.o c d a : . r°: ox ;r pcecipltaMon 

rola . . • • ' P<0 - 01 - Th * P for the DHE group 

relative to the methadone group is p < 0 .05 

naiov Fig ' 9 d ? PiCtS WithtJ ^ Wal ^mptcm scores' after " 
naloxone precipitation for DHE and methadone substituti • 
morphine-dependent rat* substitution in 

Fia n ^ r S * Rat5 Were trea.Ud as described in 

Fig. 8. column A: Withdrawal scores from the first n*l 
Precipitation test, column B: Withdrawal scoria ^ rom th 

^ntra; rr tatipn test - : 

r p^v-ux. The p value for the nHP 
group relative tp the methadone group is p< 0 .01. \ 

Pxg- 10 shows the development of withdrawal V™^ 
in morphine-dependent monkey after cessation ? 

Fig. 11 illustrates the relief of wiZ ot morphine . 
by 0HE in m om h - . renef of withdrawal symptoms 

Y m morphine-dependent monkeys. The arrows indicate 
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tl» of DHE injection ,3 „ gAg) . ope „ clrcle; fc 
group; filled circle: DHE group. 

nethJ* 5 ' " UlUStrateS the therapeutic effect of DHE ana 
nethedpne on withdraw,, symptoms ot morphine-dependent 

premutation <l „ g/kg) . „ pe „ cirole! control gr o„ p ' f le<1 
errele: DHE g rou P; filled triangle; methadone roup! 
Prgure l, Illustrates a reaction scheme for the 

Z:° f u*TT "".W- thereof fro„ tnepaine. 
ngure 14 rllustrates a reaction scheme for the 

:;:„::„:: or t-*??? - -—. .thereof crm s 

nam . W^-^gBim3N^F_ABBREVTATTn Mg „gED 

DADLE ( D-Ala» , D-Leu>) enkephalin ~ 

(D-Ala% Me Phe\« ;ly - Ql]enkephalin 
U B0 E 488H ^-^^He-D-Pen (Pen = penicillamine, 

cyclohexy!) benzene-acetamide 
Dynorphin 1-X3 dynorphin A, Fragment 1-13 : 

{Tyr-Gly-Gly-Phe-Leu-Arg-Arg-iie-Arg- ' 
Prp-Lys-Leu-Lys) 
Dynorphin 1-17 dynorphin A, Fragment 1-17 

(Tyr-Gly- (? i y .p he . Leu . Arg . Arg _ Ile _ Arg _ 

Pro ^ s -^-^-Tr P -A S p- Asn . Gln) \ 
?tor , etorphine 

PHE dihydroetorphine 

DETAILED HESCR IPTTom THE_INVg^ 
in accordance with the present invention 
electrophysiologic assay of the effects of opioids on thV ^ 

cu Cest:: a 31 4Urati0n " SenS0 ^ ~ i« organo ypic 
cultures provides ah extremely sensitive ia^trs bioassav 
^screen and characterize agonists with U^bUity " 
aptxvate inhibitory, but not excitatory, opioid 
receptor-mediated functions. This assay permits 
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identification of low- or non-addictive opioid algesics as 
well as agents useful for treatment of drug addiction 

As used herein "non-addictive" and "low-addictive" are 
used interchangeably to describe the addiction potential of 
the opioids of the present invention. In treating opioid 
addiction xn accordance with the present invention the 
subject opioids are essentially non-addictive at the 
prescribed dosages when used for periods of up to several 
weeks. For example, DHE administration to a drug addict in 
the range of about 10 „g to about 1000 „g per day which is 
gradually wxthdrawn over a period of up to 14 days, does not 
result xn addiction to DHE. in contrast, even well- 
controlled treatment of drug addicts by methadone 
substitution invariably results in transfer to methadone 
15 addiction. The present invention, thus, greatly improves 
the present methods for treating opiate drug abuse without 
concomitant addiction to another opioid. 

Likewise, treatment of acute pain for several days with 
the sub 3 ect opioids in accordance with the present 
invention, does not result in addiction. While treatment of 
chronic pain of long duration with the subject opioids 
generally do** not result in addiction; mild addiction may 
result in exceptional cases. Hence u ?e of the subject 
opioids in accordance with this invention is non-addictive 
for the vast majority of chronic pain patients . The 

witH C n^ P ° tentlal ° f SUbj6Ct °» i0i **> " illustrated -\ 
with DHE, for chronic pain patient, is thus low, typically > 
less than I in 100 for patients treated longer than 3 
months. For example, no addiption has been observed when 
treating patients for up to 3 months with DHE. Moreover, in 
the rare cases of addiction, such addiction may result from 
-nor contaminants present in bimodaXly-acting thebaine, 7 
starting material for dr M g synthesis which is carried into • 
certain preparations of DHE. 

" bin/" U=ed . hereln " Opioid " to any substance that 

binds specu 1C ally to an opiate receptor (easy S p, rfit t, 
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1986; Pasternak 1988). 

As used herein "replacement opioid" is a bimodally- 
ecting opioid that has both inhibitory and excitatory 
effects on opioid receptors. Such opipids, generally, have 
5 3 ■ 1 !" 9 T ° f -tion than the non-addictive opioid 

ZrZ XC8 r WhiCh ^ ^ C ° mbinea f ° r — combination 

therapy of replacement opioids with non-addictive opioid 

ana gesxcs permit the latter compounds to block or mask the 
excitatory effects of the replacement opioids. • 
10 Activation of opioid receptors has been known to ' . 

produce inhibitory effects on neuronal activity which in , 
turn provides the primary cellular mechanism underlying ' 
op,pid analgesia in_viv2 (e . g . North, ^86). However, . 

15 mu Pen d ^ t5trOPhySi0l ° 9iCal StUdieS ***** that spWif ii- 
exckT MP&a - 9Pi0id ^onis,s elicit both 

excxtatory and inhibitory modulation of the action 
potentials of sensory ORG neurons isolated in culture in a 

v i^z™ ^^^ ^ > 

20 ef , T eS ! PPi0id a9onists -re found to elicit excitatory 
11*121 : „' OW CWC ^ aU - *** inhibitory effects ' 

short • —Nations as measured by prolongation or 

shortening of the calcium-dependent component of the ^ctJh 

„ 5 -^P?^^^ ^;,^^ (Pig. 2; T abV: ^^ 

ef J e ' 6 T ro - tS den,9nst « ted that the excitatory V : 
e«ects pf opioids are mediated by opioid receptors that ' are 
posxtxvely coupled via a cholera toxin-sensitive Gs-like 
regulatory protein to adenyl cyclase and cyclic 
30 ^ P - de ^? de ^ voltage-sensitive ionic conductances - ' /> 

J! in? ' eXamP - e ' be ^: ad "^^ -ceptors, (Pig; 2; 

Shen * Craxn, 1989, 1990a; Grain s shen, 1990, 1992) 

1 nkertf ^t^ effeCtS are * ^ d -eptors: ^ 

linked to pertussis toxin-sensitive Gi/Go proteins ^ 

(resembling a ^.-adrenergic receptors) (Fig. 2; shen & ■> . 

35 Craxn, 1989; Gross et al, 1990). 

The ability tp differentiate between these bimodal 
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property 0 f opioids, i.e. excitatory and inhibitory 
activities mediated by two distinct groups of opioid 
receptors, has led to the present invention, and 
Particularly to a method for identifying XoW - or non- 
addxctive opioid analgesics. Hence, this method provides an 
AO^tro bxoassay to identify compounds that can selectively 
activate the inhibitory but. n P t excitatory opioid response. 
Since sustained activation of excitatory opioid receptor 
functxons p la ys a crucial role in development of tolerance 
and dependence in chronic opioid-treated neurons in vitro 
(Crain * Shen, i99 2 ; shen . crain, 1992), compounds vi^T 

but notT S ;/; e - WhiCh 3ptiVate ^ inhibit ^ response 
but not the excitatory response, are useful as non-addictive 
analgesics jji ^iyo. 

., ■ in particular, the in HilXa bioassay uses a call 
culture system or PRG neurons to screen candidate compounds 
by exposing the DRG neurons to the candidate 
observing its effect cn the APD using standard 
electrophysiological recording Methods. The detailed 
methodology for growing neurons, treating with a candidate 
compound and recording the APD are provided in Example I 
TIT, T POUnd SCr ° enea by this "oassay that exhibits 
iTrlT 7 ! ! CtS ,0 -'- Sh °»- 1 "' the App in DRG neurons) 
but not excitatory effects (e.g., prolonging the APD in DRG 
neurons, in about the f„-p„ rahge to „„ range is a low- IT 
non-additive opioid analgesic te ^ Generally, these 

e " eCt APD ln ™"rstion-depende„t manner 

Hence tTT" ^""^ ^ 

Hence, the method of the present invention provides a 
powerful tool to identify i„„- or ncn-addictive opioid ■■ 
analgesics. ' 

Nearly an the opioids losted by this bioassay, 
including morphine, enkephalins, dynorphins. endorphins and 
synthetic opioid peptides, have dose-related dual modulatory 

potent! b ° th inhibit ° ry ™^y> - the acti™ 

Potential o, sensory DRG neurons. All such compounds are 
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well-known to be addictive. However, in accordance with 
this invention etorphine and dihydroetorphine (thebaine 
derivatives) (Bentley and Hardy, 1963; Bentley and Hardy, 
1967), compounds previously believed and classified as 
addictive (WHO Rep 1966) , have the selective characteristic 
(Table 1) of inhibiting opioid-receptpr mediated functions 
without exciting such functions. Both etorphine and 
dihydroetorphine elicit dose-dependent (inhibitory) 
shortening of the APD, starting at about pM levels in some 
of the DRG neurons, and reaching a maximum effect at (M 
levels in most of the DRG neurons (Example 1) . Furthermore, 
no excitatory prolongation of the APD occurs with these two' 
compounds at <pM concentrations in contrast to the 
characteristic excitatory effects elicited at low 
concentration by the bimodally-acting opioids. 

It is well known that chronic exposure of DRG-spinal 
cord explants to bimodally-acting opioids (e.g., morphine or 
PADliE) causes sensory ORG neurons to become desensitized to 
the inhibitory effects of opioid agonists, resulting in 
tolerance (Crain et al, 1988), and supersensitized to the 
excitatory effects of opioid agonists as well as 
antagonists, resembling significant features of abstinence, 
dependence and withdrawal syndrome in vivo (Grain & Shen, '. 
1992a, b; shen & Crain, 1992) V "V. "-. 

Sustained activation of excitatory opioid receptprs 
after chronic treatment with an opioid agonist triggers a ; 
positive-feedback mechanism that results in up-regulation of 
a Gs/adenylate cyclase/cyclic AMP/protein kinase A/GM1 
glycosyl-transf erase system that may account for the 
remarkable supersensitivity of chronically opioid -treated 
neurons to the excitatory effects of opioid antagonists and 
agonists (Fig. 2, Crain* Shen, 1992a, b; Shen & crain 

1992). '/ •-" v ; V'. ■' •' -i 

When DRG-cord explants are chronically treated with a 
bimodally-acting delta/mu agonist, DADLE (1 pM) or morphine 
(1 Wg/ml) for 3 weeks, acute treatment with etorphine still 
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elicits a marked inhibitory dose-dependent shortening of the 
APD of ORG neurons even at concentrations as low as 1 fM 
(Example 2) , whereas bimodally-acting mu, delta and kappa 
opioid agonists show a high degree of opioid excitatory 
supersensitivity at concentrations ranging from pM to ,zM 
(Example 2) . 

Furthermore, the excitatory APD prolongation of chronic 
opxoid-treated ORG neurons precipitated by acute application 
of nM naloxone (Fig. l(V))(Crain > shen, 1992a, b), which 
provides a cellular model of naloxone- induced withdrawal 
supersensitivity in opiate addicts in vivo (C rain * shen, V 
1992b), can be blocked by acute application of etorphine, 
but not by morphine or other bimodally acting opioid 
agonists (Example 2). 

Tissue culture studies provide strong support that 
excitatory opioid receptor functions of sensory neurons play 
important roles in vivo , both by attenuating analgesic 
effects mediated by inhibitory opioid receptors and by 
facilitating the cellular mechanisms underlying addiction. 
The use of opioids (e.g. etorphine, dihydroetorphine) , that 
at low concentrations preferentially activate inhibitory but 
not excitatory opioid receptor functions in vitro , as 
indicated by the screening model; results in much more 
potent analgesia in vivo and far less evidence of 
dependence/addiction than occurs during chronic treatment 
with morphine and most other bimodally-acting opioids. 

The present invention demonstrates that etorphine (and 
compounds with similar properties as identified by the 
present bioassay (e.g. dihydroetorphine and ohmef entanyl, 
elicits potent dose-dependent inhibitory APD-shortening 
effects on naive and chronic opioid-treated , "addicted" 
sensory ORG neurons, even at low (pM-nM) concentrations 
where most bimodally-acting opioids generally elicit 
excitatory APD-prolonging effects. Hence etorphine and 
simxlar compounds of this invention selectively activate 
inhibitory rather than excitatory opioid receptors on ORG 
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neurons, even when the cells are supersensitive to the 
excitatory effects of bimodally- ac ting opioids following 
chronic treatment. 

no, f^ Phine haS l0ng been ^own to be > X ,poo times more'." 
potenVthan morphine as an analgesic in animals (Blane et 

^ nd . hUmanS (BlanS & RObMe ' 1976; ^inski et al, 
"75). This invention shows that the high inhibitory 

potency of etorphine may be due, in part, to its selective 

activation o* inhibitory opioid receptors whose effects ar* \ 

not attenuated by the concomitant activation of 

higher-affinity excitatory opioid receptors. 

show ^ e , C J lftlCal trlal " SUlts •* the present invention V 
TrTS, l0W . d ° SeS ° f ^roetorphine, a specifically 

nhib tory opioid-receptor agonist, are remarkably effective 
in relieving postoperative pain and chronic pain in terminal 
cancer patients, yet tolerance and addiction are far less 

bim!d G a n ilv ha Vr SerVe " Wl ' H m ° rPhine and ^her conventional • 
bimodally-acting opioids (Example 5). Thousands of patients 
have been treated with a >90% effective f ate and no 
significant adverse side-effects have been observed 
,, Furthermore, the potent inhibitory effect exerted by the 
low- or non-addictive opioid analgesics of this invention 
can b^or suppress the excitatory effects of bimodally- ' 
25 " Cting ° PiQi4s ' >*• the "placement opioid as defined 
" herein, to alleviate tolerance and addiction commonly ^ 
observed by sole usage of bimodally-acting opioids (e.g. 
morphine or methadone) . 

In additl ° n ' S6Veral huna recl heroin addicts have been "■">■ 
successfully treated over a two year period m th4 
30 withdrawal symptoms were rapid ly'biocked and ' 
. . dihydroetorphine substitution; therapy was maintained for i : 
about a week with minima! rebound after final opioid 
withdrawal (Example 6). similar results were obtained in 
35 ^^-^^V*"*"* *»*T*t 9 (Examples 3 , 

n'trIat- SU T SS ' Ul "i^oetorphine 
in treating heroin and morphine addiction are in sharp 



20 



WO 94/06426 



PCT/US93/08869 



17 



contrast to the unreliable result, obtained i n comparative 
clinical studies with methadone and other bimodally-acting 
or mixed agonist-antagonist opioids. 

jlence, another aspect of the present invention provides 
5 a method of treating opioid addiction by administering an 
opioid or analog therof, in an amount effective and for a 
time sufficient to relieve the withdrawal symptoms of opioid 
addiction and subsequently withdrawing administration of 
said opioid or analog thereof. 
10 Another aspect of the present invention provides 

improved synthetic methods for the preparation of DH E 
etor phine an „ analogs of these compounds: l„ addition; a \ 
method for preparing salts, particularly pharmaceutical^ 
acceptable salts, of the foregoing compounds is also 
15 provided. 

„r„r e " a9U ° n "* m ! J « Preparing etorphin. (rig' x ". ". 
(III)) and relate* analogues is shovn in Fig. 13 As 

tZTTl th,?baine II ' 15 "" Cted * lth methyi 
20 Ketone ! T f ° r 1 h <"*' *ny raining 

The II I "T- LXlma 9 "' under pressure. 

™e tn.cc oil can be dissolved in warm rethanol, cooled to " 
allow cryetailUation and. the crystals recovered. 

^co d ^ " ySUlS «—a "vera, times with 

_ ice cold methanol an* dried tp yield 7- a cety,-c,„- nnuo . 

reacted I 121 ' ^ «^»* U, ii then 'J. 
:• ! G " ,nard th. eor.ul, W gx to form 

t „ To al ? h01 R -agent 

: n, in Pi g^r 0n ° £ — "» — >V compound 
>0 ••• The R group or the Crignard reagent is lower aiXyi and 

varvino tnlT' A " ,l09S ° f ei0rphi " e »^ ^us prepared by 
vary „g the R group. As US ed herein lower alky, refers to 
aDcyl groups containing one to six carbon atoms. These 
groups may be straight, branched or cyclic chains and 
include such groups as methyl, ethyl, propyl, Jsopropyl. 
bUty!, sec-butyl, isobuty,, t-butyl, pentyl (amy!, 
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isopentyl (i- am yl, f neopentyl (n-amyl) , hexyl , cyclopentyl , 
cyclohexyl and the li ke . When R is propyl, the final 
Product t 4, is etorphine. Preferred R groups for etorphine 
and its analogues are n-propyl, n-butyl, n-amyl, i- amyl or 
cyclohexyl . • . . 

solut — T? "V thUS PreP9red b V "-ting an anhydrous 
solution of t2J with the desired Grignard reagent for a time 
and under conditions for the formation of the tertiary 
alcohol. For example, [2 J can be dissolved in benzene and 
refluxed with the Grignard reagent for several hours, or as 
needed, until the reaction goes to completion. Upon 
completion, the anhydrous solution can be added to an 
immiscible aqueous solution (e.g. , saturated ammonium 
ch onde) the product extracted into that aqueous solution, 
followed by. separation of the organic and aqueous layers 
The aqueous layer is recovered and extracted with ether or 
other suitable solvent several times to yield a neutral 
solution containing compound [3]. Compound [3, can be 
further purified by "crystallization. 

vields^r^ r° f . CQmPO - ^ 3 ^ under strong basic conditions 
yields the 7-. t i.hydroxy-l-methylR ) - 6ri 4.endo-etheno-tetra- 
hydrooripavine compounds t 4). Such compounds (4] can be 
recovered by extraction, filtration, "crystallization and - 
the like. When R is n-propyl, then [4 J is etorphine. 

qAny of various salts of etorphine or its analogues [4 J 
can be prepared by reacting the free base with the desired : 
free acid and recovering the resultant salt by 
crystallization, filtration or the like, m a preferred 
embodiment, 14] is dissolved in an alcoholic ether solution 
and an e|her solution containing the desired acid is added 
thereto until the reaction mixture reaches a pH of about 2 . \ 
Additional ether is added thereto unti^ a crystalline solid 
t5] forms. The solid is collected, washed with ether and 
tfried. If desired the solid can be "crystallized . 

Examples of various acids which can he .. e ^ 4. 

W!> wn -"-cn can be used to prepare salts 

of t 4 ) a" provided in Example 9. 
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A reaction scheme for the preparation of DHE, its 
analogues and salts is shown in Fig. 14. Like etorphine, 
the starting material is thebaine and the first reaction' 
with methyl vinyl ketone is identical to form the 6,14-endo- 
5 etheno derivative of the thebaine [2]. However, [2] is 

first subjected to catalytic hydrogenation and recovery to 
yield the 6, 14-endo-etheno derivative of thebaine [3] before 
reaction with a Grignard reagent to produce [A). The 
remaining synthetic steps proceed as described above for 
10 synthesis of etorphine. Hence/ for DHE and related 

compounds, [2] is hydrogenated to produce, [3]; (3) i s 
reacted with a Grignard reagent to produce [4); and {4 J 'is 
reacted with strong base to produce t 5), the free base DHE 
or a related analog. Finally, C5 ] is reacted with an acid 
15 as described above to produce [6]. 

For DHE and related compounds, the R group of the 
Grignard reagent is lower alky 1 as defined herein before. 
When R is n-propyl, then [5] of Fig. 14 is DHE. The 
preferred R group for DHE and an analogues thereof are n- 
20 Propyl and i-amyl, respectively. 

Ahpther aspect of the invention is directed to 
pharmaceutical compositions of the opioid compounds of the 
present invention including dihydroetorphine and its 
analogues, etorphine and its analogues, ohmefentanyl as well 
as pharmaceutical^ acceptable salts of any of the foregoing 
compounds. 

Dosage forms (compositions) suitable for administration 
can contain from about 10 Jig to about 1000 »g of active 
ingredient per unit.. In these pharmaceutical compositions 
the active ingredient; will ordinarily be present in an 
amount of about 'p. 5-95% by weight based on the total weight 
of the composition. 

The active 'ingredient can be administered sublingually 
in solid dosage forms, such as capsules, tablets, and 
35 powders, or be administered parenteral^ in sterile liquid 
dosage forms. 
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Gelatin capsules contain the active ingredient and 
powdered carriers , such as lactose, sucrose, mannitol, 
starch, cellulose derivatives, magnesium stearate, steairic 
acid, and the like. Similar diluents pan be used to make 
5 compressed tablets- Both tablets and capsules can be 

manufactured as sustained release products to provide for 
continuous release of medication over a period of hours* 
Compressed tablets can be sugar coated pr film coated to 
mas?k any unpleasant taste and proteqt the tablet: from the 
10 atmosphere. 

In general, water, a suitable oil, saline, aqueous 
dextrose (glucose), and related sugar solutions arid glycols 
such as propylene glycol or polyethylene glycols are 
suitable carriers for parenteral solutions. Solutions for 
15 parenteral administration preferably contain a water soluble 
salt of the active ingredient, suitable stabilizing agents, 
and if necessary, buffer substances. Ahtioxidizing agents 
such as sodium bisulfite, sodium sulfite, or ascorbic acid, 
either alone or combined, are suitable stabilizing agents. 
20 Also used are citric acid and its salts and sodium EDTA. In 
addition, parenteral solutions can contain preservatives, 
such as benzalkonium chloride, methyl- or prppyl-paraben, 
and chlprobutanol. :k 
Suitable pharmaceutical carriers are described in 
25 Remington's Phar maceutical Sciences . A . osol, a standard 
reference text in this field. 

Yet another aspect of this invention provides a 
pharmaceutical composition which comprises a low- or non- 
addictive opioid analgesic, pr a pharmaceuticaily acceptable 
30 salt thereof, in admixture with naloxone which is an opioid 
antagonist. The low- or non-addictive opioid analgesics are 
those compounds as provided herein, e.g. e t or ph i ne , DH E , 
ohmefentanyl and the like, in amounts as provided herein! 
The subject compositions are thus useful to avoid 
35 diversion or abuse of take-home preparations pf solid forms, 
e.g. tablets of low- pr noh-addictive opioid analgesics 
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administered orally or sublingually to uses other than 
detoxification or severe pain relief, since naloxone has 
low oral or sublingual bioavailability, an amount of 
naloxone can be introduced into the preparations that has no 
effect when taken orally or sublingually but antagonizes the 
effect of the low or non-addictive opioid analgesic, e.g. 
DHE, when the preparation is dissolved in water and 
injected. The amount of naloxone can be readily determined 
by one of ordinary skill in the art. 

A still further aspect of this invention provides a 
pharmaceutical composition which comprises a low- or non- 
addictive opioid analgesic, or a pharmaceutically acceptable 
salt thereof, in admixture with a "replacement opioid" . 
These compositions are useful for treating chronic or acute 
15 pain as well as opioid addictions. The dosages appropriate 
for each use can be readily determined by one of ordinary 
skill in the art. The low or non-addictive opioid 
analgesics include the compounds provided herein, e.g. 
etorphine, DHE, ohmefentanyl and the like, in amounts as 
20 provided herein. These pharmaceutical compositions are 
provided in formulations as described above. 

The "replacement opioid" is a bimodally-acting opioid 
that has both inhibitory and excitatory effects on opioid 
receptors. The replacement opioid is formulated into 
25 compositions in an amount effective to (partially or wholly) 
relieve or suppress the withdrawal symptoms of opioid 
addiction, or an amount to alleviate pain. The amount of 
the low- or non-addictive opioid analgesic in these 
compositions is likewise that amount necessary to provide 
30 relief or suppression of withdrawal symptoms or to alleviate 
pain when used with a replacement opioid, one of ordinary 
skill in the art can readily determine a suitable ratio and 
dosage of analgesic and replacement opioid. 

For example, suitable dosage forms for administration 
can contain from about 10 to about 1000 m of the analgesic. 
When the analgesic is DHE, a preferred formulation for a 
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sublingual dosage contains about 20 jig to about 40 pg DHE, 
or the corresponding equivalent of a salt thereof, per 
tablet. A preferred formulation for an injectable dosage 
form contains about 20 fig to about 100 of DHE or the 
5 corresponding equivalent of a salt thereof. 

Similarly, suitable dosage forms for administration of 
the replacement opioid can contain an amount which provides 
from about 5 mg to about 100 mg per day to the patient. 
Preferred replacement opioids include morphine, methadone, 
10 fentanyl and buprenorphine. 

In a preferred embodiment, these pharmaceutical 
compositions contain DHE, or a pharmaceutically acceptable 
salt thereof such as DHE hydrochloride, and either methadone 
or morphine. Methadone is preferred for treating drug 
15 addiction whereas morphine is preferred for treating pain. 

The examples serve to illustrate the present invention 
and are not to be vised to limit the scope of the invention. 

REFERENCES CITED 
20 Bentley, K.W. & Hardy, p.G.:New potent analgesic? in the 
morphine series. Proc. Chem. Sqc. p. 220, 1963. 
Bentley, K.W. & Hardy, p.<S.:Ndvel analgesics and molecular 
rearrangements in the morphine- thebaine group. Ill- 
Alcohols of the 6, 14-endo-ethenptetrahydro-oripavine 
2? series and derived analogue? of n-allylnormorphine and 

norcodeine. J> Amer v Chem* Soc. 19:3281-3286, 1967. 
Blane, Q.F. & Robbie, D.S.tTrial qf etorphine hydrochloride 
(M99 Reckitt) in carcinoma pain:preliminar;y report. 
Brit. J. Pharmacol. Chemother. 20 :252-253, 1970. 
30 Blane Q.F., Boura, A.fc.A., Fitzgerald/ A. E. and Lister, ; 

R.E. : Actions of etorphine hydrochloride (M?9) : A potent 
morphine- like agent. Brit. J. Pharmac. Chemother . 
-30:13.-22, 1967; '- '/ . - ~ .,- 

Casy, A. F. $ Parfitt, R.T. : Opioid Analgesics: Chemistry and 
35 Receptors , Plenum Press, New York, 1986. 



WO 94/06426 



PCT/US93/0886^ 



23 

Grain, S.M. & Shen r K . -F . : Opioids can evoke direct reqeptqr- 
mediated excitatory effects on sensory neurons. Trends 
Pharmacol. Sci. 11:77-81, 1990. 
Grain, 5.M. & Shen,K.-F. : After chronic opioid exposure 
5 sensory neurons become supersensitive to the excitatory 

effects of opioid agonists and antagonists as occurs 
after acute elevation of GM1 ganglioside. Brain Res. 
575:13-24, 1992a. 
Crain, S.M. fit Shen, K.-F.:After GM1 ganglioside treatment of 
10 sensory neurons naloxone paradoxically prolongs the 

action potential but still antagonizes opioid 
inhibition. J. Exp. Pharmacol. Ther. 3i>0: 182-186 , 
'•1992b. . 

Crain, S.M., Shen, K.-F. & Chalazonitis , A. : Opioids excite 
15 rather than inhibit sensory neurons after chrpnic 

opioid exposure of spinal cord-ganglion cultures. 
Brain Res* A5£: 99-109, 1988. 
Deneau, G. A. fit Seevers, M.H.: Drug dependence. In: Lawrence 
D.R., Bacharach, A.£« ecjs. Evaluation of Drug 
20 Activities : Pharmacome tries . Vol. 1* London: Academic 

Press, 1964, pp. 167-179. 
Gross, R.A., Moises, H.C , Uhler, M.D. £ Macdpnald, R.C.V 
Dynorphin A and cAMP-dependent protein kinase 
independently regulate neuronal calcium currents. 
25 Proc. Na tl. Acad. frafr . £2:7025-7029, 1990. 

Huang, M fit Qin, B.Y.: Acta Pharmacol. Sinica, 3(1): 9, 1982. 
Jaffe, J.H.rDrug addiction and drug abuse, in The 

Pharmacological Basis of Therapeutics. 8thed ? (eds. 
Gilman,A.G. ,Rall, T.W., Nies, A.S. fit Taylor, P.) 
30 Pergamon Press/ N.Y. pp. 522-573, 1990. 

Jasinski, D.R., Griffith, J.D. * Carr, C. B. : Etorphine in man 
1. Subjective effects and suppression of morphine 
abstinence. Clin. Pharmacol. Ther. 17:267-272, 1975. 
Pasternak, G.W.: The Opiate Receptors : Human* Press, New 
35 Jersey, 1988. 

Shen, K.-F. & Crain, S.M..: Dual opioid modulation of the 



WO 94/06426 



PCT/US93/08869 



24 



action potential duration of mouse dorsal root ganglion 
neurons in culture. Brain Res. 191:227-242, 1989. 

Shen, K.-F. & Grain, S.M.rcholera toxin-A subunit blocks 
opioid excitatory effects on sensory neuron action 
5 potentials indicating mediation by Gs-linked opioid 

receptors. Brain Res. 525:225-231, 1990. 

Shen, K.-F. & Crain, S.M.:Chronic selective activation of 

excitatory opioid receptor functions in sensory neurons 
results in opioid"dependence» without tolerance. Brain 
10 Res . (in press), 1992. 

Wei, E. , Loh, H.H. & Way, E-L-: Quantitative aspects of 

precipitated abstinence in morphine-dependent rats. ,3V 
Pharma col. Exp. Therap. 184 :398-403, 1973. 

W.H.O. Expert Committee on Dependence-Producing Drugs, WHO 
15 Tech. Rep. Ser. Vol 343, p. 5, 1966. 

Winger, G. , Skjoldager, P. 6 Woods, J. H.: Effects of 

buprenorphine and other opioid, agonists and antagonists 
on alfantanil- and cocaine-reinforced responding in 
Rhesus monkey, J . Pharmacol . Exp. Thpr ap . 261:311-317, 
20 1992. 



' Example 1 ... 

SELECTIVE INHIBITORY BUT NOT EXCITATORY EFFECT OF ETORPHINE 
AND DI H YDROETORPH I NE ON THE ACTION POTENTIAL DURATION OF 
SENSORY DORSAL BOOT GANGLION NEURONS IN CULTURE 
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Tissue culture: The experiments were carried out on 
dorsal root ganglion (DRG) neurons in organotypic explants : 
of spinai cord with attached DRGs (from 13 -day-old fetal 

30 mice) after 3 to 5 weeks of maturation in culture- The DRG- 
cord explants were grown on collagen-coated eoverslips in 
Maximow depression-slide chambers. The culture medium 
consisted of 65% Eagle's minimal essential medium, 25% fetal 
bovine serum, 10% chick embryo extract, 2 mM glytamine and . 

35 0.6% glucose. During the first week in vitro ? the medium 
was supplemented with nerve growth factor (NGF-7s) at a 
concentration of about Q. 5 /xg/ml to enhance survival and 
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growth of the fetal mouse DRG neurons. 

Electrophysiological record ing g; T he culture coverslip 
was transferred to a recording chamber containing about 1 ml 
of Hanks' balanced salt solution supplemented with 5 mM Ca 1 * 
5 and 5 mM Ba" (BSS) to provide a prominent baseline response 
for pharmacological tests. Intracellular recordings were 
obtained from DRG perikarya selected at random within the 
ganglion with micropipette probes. The micropipets were 
filled with 3M KC1 (resistance about 60-100 megohms) and 
10 were connected via a chloridized silver wire to a 

neutralized input capacity preamplifier (Axoclamp 2A) for 
current clamp recording. After impalement of a DRG neuron, 
brief (2 msec) depolarizing current pulses were applied via 
the recording electrode to evoke action potentials (at a 
15 frequency of 0.1 hz) . Recordings of the action potentials 
were stored on a floppy disc using the p- clamp program (Axon 
Instruments) in a microcomputer (IBM AT-compatible) . 

. Drug test ; Drugs were applied by bath perfusion with a 
manually operated push-pull syringe system at a rate of 2-3 
20 ml/min. Perfusion of test agents was begun after the action 
potential and the resting potential of the neuron reached a 
stable condition during >4 min pretest periods in control 
BSS, Opioid-mediated changes in the APD were considered 
significant if the APD alteration was >10% of the control 
value for the same cell and was maintained for the entire 
test period (about 5 min). The APD was measured as the time 
between the peak of the APD and the inflection point on the 
repolarizing phase. 

Opioid Responsiveness : The opioid responsiveness of DRG 
neurons was analyzed by measuring opipid-induced alterations 
in the APD P f DRG perikarya. DRG neurons in DRC-cord 
explants were examined for sensitivity to acute application 
of etorphine or dihydroetorphine at fM to yM concentrations. 
None of the cells (n=12) showed APD shortening or 
35 prolongation in 1 fM etorphine. However, naloxone- 

reversible APD shortening was observed in 25% of the cells 
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(n=8) after application of pH and nM concentrations of 
etorphine and in 100% of the cells (n=7) after application 
of MM concentrations of etorphine (Figs, 3 and 4). None of 
the ORG neurons tested with different concentrations of 
5 etorphine (n=13) showed APp prolongation. 

These results are in sharp contrast to other mu, delta 
or kappa opioids (e.g. morphine, methadone, DAGO , DPDPE, 
DADLE, dynorphin (amino acids 1-13) or (amino acids 1-17) 
and U-50,488H), each of which show bimodal action such that 

10 low concentrations (<nM) evoked excitatory APD-prolonging . 
effects and higher concentrations C*iM) evoked inhibitory 
APD-shortening effects on many DRG neurons (Fig. 4; Table 
1). For Fig. 4, data were obtained from 11 neurons for \ 
etorphine test, half of which were tested with all four 

15 concentrations of etorphine (from fM to jtM) ? 

tike etorphine, electrophysiologic tests with 
dihydroetorphine (over IM-/1M ranges) on DRQ neurons (n=15) 
showed concentration-dependent inhibitory APD shortening 
effects, with threshold at fH-pM, and no evidence of • 

20 excitatory APp prolonging effects (Fig. 4). 
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TABLE 1 

Alteration of action potential duration of 
w4fK°^ a i ro ° fc 9 an glion neurons treated 
With high and low concentrat ions of opioids 

Alteration of Action Potential Duration 







Opioid at low 
< nM 


Opioid at high 
concentration 








15 


Morphine 


Prolnnnaf inn 


Shortening v 




DAGO 




Shortening 


20 


DADLE 


rroxongatipn 


Shortening 




DPDPE 




Shortening 


25 


U-50,488H 


Pml nhnaf i 

r*. uiongiaLipn 


Shortening 




Dynorphin 1-13 


Prolongation 


onortening 


30 


Dynorphin 1-17 


Prolongation 


Shortening 


Met-enkephalin 


Prolongation 


Shortening 




Leu-enkephalin 


Prolongation 


Shortening 


35 


B-endorphin 


Prolongation 


Shortening 




Methadone 


Prolongation 


Shortening 


40 


Fentanyl 7 


Prolongation 


Shortening 


Levorpheno! 


Prolongation 


Shortening 




Thebaine 


Prolongation 


Shortening 


45 


Etorphine* 


Shortening 


Shortening 




Dihydroetorphine* 


Shbrtening 


Shortening 



50 
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Example 2 



m ^m XB SS^ r S t ^a 0r ET0RPHINE °» CHRONIC OPIOID- 
ett«™^T • Dr ADDI CTED SENSORY NEURONS THAT HAD BFCOMP 
SUPERSENSITIVE TO THE EXCITATORY EFFECTS OF BIMODALLY ACTING 
OPIOID AGONISTS AND TO NALOXONE * ° 

Druq tests : Mouse DRG-cord explants, grown for >3 
weeks as described in Example 1, were chronically exposed to 
the bxmodaUy acting (excitatory/inhibitory) delta/mu opioid 
agonist, P ADLE (3 p M ) pr morphine (1 «H). for 1 week or 
longer. Electrophysiological recordings were made as in 
. Example X. 

Sesultg: After such chronic exposure, ORG neurons are 
supersensitive to the excitatory effects of opioids (Grain i 
Shen 1992a; Shen * Grain, 1992) . Whereas pH-nM Dyn (amino 
acid 1-13) is generally required to prolong the APD of naive 
ORG neurons (Fig. 4), fM levels and lower are effective at 
prolonging the APp after chronic opioid treatment (Fig. 5 
20 traces 1-4). m contrast, acute application of etorphine to 
chronic DADLE-treated neurons effectively shortened the APD 
of the same DRG neurons that showed supersensitive 
excitatory responses to low concentrations of bimodally- 
acting opioids (Fig. 5, traces 6-9). Furthermore, the 
inhibitory APD-shortening effect of etorphine on DRG neurons 
appears to be significantly enhanced. While pM etorphine 
was effective in shortening the APD of 25% of the DRG 
neurons tested in naive explants (Figs. 3 and 4) , this low - 
opioid concentration was effective! in all of the chrbnic " - ' 
DADLE-treated DRG neurons tested in the presence of 1 tf M • 
DADLE (n=4; Fig. 5, traces 5 and 6) . This same low 
concentration of etorphine (pH) was effective in 71% of the 
chronic morphine-treated (1 fig/ml) DRG neurons tested in the 
presence of 1 Mg/rol morphine (n=7) pose response tests on 
chronic DADLE-treated pRG neurons showed, in fact, thai the 
magnitude of the APD was progressively shortened when the 
acute etorphine concentration was increased sequentially 
from 1 fM to 1 jiM (Fig. 5, traces 6-9). 

The opioid antagonist, naloxone (nM-pM) , does not alter 
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the APD of naive DRG neurons (Crain (, shen 1992a, b) . in 
contrast, after chronic opioid, such as DADLE treatment, 
acute application of low concentrations of naloxone prolongs 
the APD of sensory neurons (Crain et al, 1992b; shen & 
Crain, 1992). The naloxone-induced excitatory APp- 
prolonging effect on chronic opioid-treated DRG neurons is 
shown in Fig. 6, traces 1 and 2. Acute application of low 
concentrations of etorphine (pM-nM) effectively blocks the 
naloxone-induced APD prolongation of DRG neurons (n=3; Fig. 
6, traces 3 and 4) whereas bimodally acting opioids are 
ineffective* 

Since etorphine and dihydroetorphine elicit potent 
inhibitory effects on naive sensory neurons even when 
applied at extremely low (pM) concentrations and show no 
signs of concomitantly activating excitatory opioid 
receptors on these cejls, these in vitro electrophysiologic 
analyses predict that application of etorphine and 
dihydroetorphine in vivo at the relatively low doses 
required to produce analgesia (<l,000 times lower than 
morphine) are not addictive even after sustained application 
for treatment of chronic pain. 

■ Exam P le 3 . 
SUPPRESSION OF WITHDRAWAL SYMPTOMS BY DHE 
IN MORPHINE-DEPENDENT RATS 

Morphine-dependent rat no^i . wistar rats of both 
sexes, 120-150 g body weight, were administered morphine 
subcutaneously (s.c.) twice a day (8:00 a.m., 4:00 p.m.) 
starting at a dose of 20 mg/kg/day, with an increment of 
20 mg/kg/day for 5 consecutive days until the final dose 
reached lOO mg/kg/day. 

Naloxone (NLX> nr»^ r itation for f he scnr 1 B n nf 
withdrawal- symp to m .?: 3-4 hrs after administering the last 
dose of morphine (or other test drug(s)), withdrawal 
symptoms of morphine-dependent rats were precipitated by 
intraperitoneal (i,p.) injection of naloxone (4 mg/kg) . 
Naloxone-induced withdrawal symptoms were monitored for i hr 
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thereafter and scored according to the method of Wei et al, 
1973. 

Animal groups : After 5 days of morphine addiction, the 
animals were divided into 7 groups according to Table 2. 
5 Each group contained 5-6 rats. 

Groups 1, 2, and 3 received 20 mg/kg morphine (4 times 
the ED 50 for analgesia), 9 mg/kg methadone (9 times the ED 50 
analgesia) or 6 jxg/kg DHE (12 times the ED 50 analgesia) by 
i.p. injection, respectively. These opioid agonists were 
io injected 15-30 min before naloxone precipitation was 
initiated. After the naloxone withdrawal test was 
completed, groups 1, 2, and 3 were continued on morphine 100 
mg/kg (s.c) for another 4 consecutive days. A second 
naloxone precipitation test was given on the 4th day but 
15 only saline was administered (i.p.) prior to naloxone. 

The first naloxone precipitation test was performed on 
the animals of groups 4, 5, and 6 in the same manner as f or 
groups 1-3, except the administration of opioid agonists 15-^ 
30 min prior to the naloxone test. For the second naloxone : 
20 test, groups 4, 5 and 6 received 100 mg/kg morphine (sc.) 
twice a day, 3 jig/kg DH£ 4 times a day/ or 6 mg/kg 
methadone, 4 times a day, instead of morphine at 100 mg/kg, 
for 4 tilays, respectively, /The second naloxone test was ' 
performed as above on the 4th day. 
25 After the first naloxone precipitation test, Group 7 ? 

animals were given saline (s.c.) as control for 4 days 
before the second naloxone test. 

The body weight of the animals was monitored during the 
entire period. 

30 Results ; One to 2 min after intraperitoneal injection 

of naloxone, the morphine-dependent rats began to show 
naloxone inducecl withdrawal symptoms with a peak response 
occurring within 15 min. An hour later the body weight of 
the animals was greatly reduced. Intraperitoneal injection 
35 of morphine (20 mg/kg), DHE (6 Mg/kg) or methadone (9 mg/kg) 
prior to the administration of naloxone suppressed the 
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naloxone induced withdrawal symptoms of the rats. N o 
significant diff erences in suppressing effecfc WGre 

""V tHree ° PiQid SUbStitUtes ' For --phine, DHE and 
methadone, prevention of body weight loss was 43.5% 49 8 % 
5 and 48.15%, respectively, and suppression of other ' 

withdrawal symptoms was scored as 45.5%, 63 .7% and 49.4% 
respectively. ' 

After naloxone precipitation, the body weight of the 
dependent rats continued to decrease. the loss of body 
10 weight reached its maximum 24 h after naloxone 

Precipitation.. A gradual weight recovery was achieved by 90 

Subcutaneous injection of morphine, DHE or methadone 
was- given for several days after the first naloxone 
15 precipitation test. The loss of body weight of morphine- 

tZl ? \T f ° Und ^ ^ " dUCed in 311 ^ree groups 

treated with opioid agonists. Subcutaneous administration 

of morphxne (one hour after naloxone precipitation, reversed 

he body weight loss in 3 hours, with occasional weight gain 

2P - some of the rats. A complete recovery of weight loss 

was observed 48 h later. The effect of subcutaneous 

inaction of DHE or methadone on body weight loss was not as 

dramatic as with morphine. However, both opioids did 

25 untreat IT ^ ^ ^ compared with the 

WWW 1 gr ° UP the effect of 

both DHE or methadone on body weight loss was highly 
significant (Fig. 7). 

the Aft6 y ^ "^ naloxone Precipitation test, some of ^ 
the animals continued to be maintained on morphine (s c V 
30 Four days later, a second naloxone test was given! The 
second naloxone test resulted in more severe withdrawal 

■ a 8 nILls S t?t atlVe T firSt t6St - In C ° ntraSt ' *" ^ose 

were treated with DHE (s.c, 4 days? instead of 

35 S , —nd naloxone test failed to precipitate any 
35 withdrawal symptoms except minor loss in body weight m 
the animals maintained with methadone (sc < ' . 
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second naloxone injection precipitated less severe 
withdrawal symptoms in comparison to the morphine group, yet 
more severe when compare with the DHE group (Figs, 8 and 9) . 

Table 2 

Animal Groups Used to Test the Suppression of NLX-induced 

Withdrawal .qvmn^^me. u„ • ^ ~ . . ' . 



Animal 
Groups 


Development of 
Morphine 
Dependence 
5 dey$ 


Pretreatment 
(15-30» prior 
to 1st test) 


1st 

nix 

Test 


Continued 
Maintenance with 
Opioids 
4 days 


Pretreatment 
(15-30' prior 
to 2nd test) 


2nd 
NLX 
Test 


1 


Horphlne 
20— > 100 mg/kg 


Horphlne 
(20 mg/kg) 


MIX 


Horphlne 100 mg/kg 




Saline 


NLX 


2 


Some as 1 


Methadone 
t* mg/kg) 


MIX 


Same as 1 . 




Saline 


NLX 


3 


Some BS 1 


DHE 
(6 pg/kg) 


NLX 


Same as 1 




Saline 


NLX 


i 
5 
6 
7 


Same as 1 
Same as i 
Same as 1 
Same as 1 




MIX 
NLX 
NLX 
NLX 


Morphine 50 mg/kg 

DHE 3 ng/kg 
Methadone 6 mg/kg 
Saline 






NLX 
NLX 
NLX 
NLX 



Example A 

ANTI-ADDICTIVE EFFECTS OF DHE TREATMENT 
OF MORPHINE-DEPENDENT MONKEYS 

Morphine-dependent monkey model : Seven male rhesus 
monkeys (Macaca mulatta, 3.4-5 kg) were injected with 
morphine (s.c.) twice a day (8:00 a.m., 4:oo p.m. ), starting 
at a dose of 10 mg/kg/day and increasing the dose by 
increments of 5 mg/kg/day every third day until the dosage .'■ 
reached 50 mg/kg/day on the 24th day. This dosage was 
continued for another 10 days prior to performing drug 
tests. 

Stage 1 drug rest s: The monkeys were randomly divided 
into 2 groups. At 24 h after withdrawal of morphine, Group 
A (4 animals) received 3 Mg/kg DHE (s.c.) every 3 h. The 
interval between DHE administration was increased gradually ; 
so that by the 3rd day, DHE was only given twice a day, and 
50 then stopped for 2 days of observation. Group B (3 animals) 
was treated in the same manner as group A except, this group 
received saline instead of DHE. After completion of these 



WO 94/06426 



PCI7US93/08869 



33 



tests, all the animals were treated with morphine for 12 
consecutive days by administration of 50 mg/kg/day morphine 
(s.c.) twice a day. The test was repeated except the Group 
A monkeys received the saline controls and the Group B 
5 monkeys received the DHE treatment. Withdrawal symptoms of 
the animals Were observed and scored, according to Deneau 5, 
Seevers (1964), during the entire experimental period. 

Sixteen hours after withdrawal of morphine, withdrawal 
symptoms began to appear in the morphine-dependent monkeys. 

10 Symptoms 'were moderate at first and included yawning, 

salivation, agitation and fear. These signs became more 
severe as time went on. Within 20-60 h after withdrawal of 
morphine, the animals' withdrawal symptoms included 
vomiting, tremor, teeth-gritting on chain, eye closing, 

15 lying on its side and dyspnea. All these symptoms are 

indicative of extreme agitation. After 60 h these symptoms 
gradually. subsided. By 120 h after withdrawal of morphine, 
some moderate withdrawal symptoms were still detected (Fig. 
10). One week later all the withdrawal symptoms had 

20 disappeared. 

In sharp contrast, all of these withdrawal symptoms 
were completely suppressed by DHE one minute after its 
administration (3 yg/kg, s.c.). Two and a half to three 
hours later, withdrawal symptoms reappeared which were again 

25 suppressed by another dose of DHE (Fig. 11). This 

suppressing effect of DHE on morphine withdrawal symptoms 
was observed with each monkey. DHE continued to be 
effective at suppressing withdrawal symptoms for 3-4 days 
with repeated injections at 2.5-3 h intervals. 

30 Discontinuation of DHE injection at 80 h after morphine 
withdrawal did not trigger any withdrawal symptoms, 
indicating that the animals had not become dependent on DHE 
during this substitution treatment. 

Stage 2 drug test s; After the stage 1 experiments, all 

35 7 monkeys were administered morphine (s. P .) at a dose of 50 
mg/kg/day for 7 days. The morphine-addicted monkeys were 
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then randomly divided into 3 groups. Group i was maintained 
with s.c. injection of 25 mg/kg morphine twice a day for 9 
days. Group 2 was substituted with DHE by s.c. injection of 
3 Mg/kg DHE (equi-analgesic dose) four times a day for 4 
5 days, of 1.5 „g/kg DHE three times a day for 2 days and then 
twice a day for 3 days. Group 3 was substituted with 
methadone by s.c. injection of 6 mg/kg methadone (equi- 
analgesic dose) four times a day for 4 days/ of 3 mg/kg 
three times a day for 2 days and then twice a day for 3 
10 days. 

Sixteen hours after the last injection of opioid, each 
animal was precipitated with naloxone (1 mg/kg, s.c.) to 
evaluate the severity of naloxone withdrawal symptoms for i 
, day. seven days later; another naloxone precipitation test 
15 was performed on these monkeys for 1 day. After completion 
of all t es ts, 3 monkeys were randomly selected for mprphine 
addiction (25 mg/kg, s.c, twice a day for 7 days). 
Naloxone precipitation tests were performed twice on these 3 
monkeys, the f irst trial <given after the last injection of 
20 morphine and the second trial given 7 days thereafter. 

Since the action period of DHE and methadone is 
relatively short, some moderate withdrawal symptoms appeared 
during the 6 hr intervals between injections on the first 3 
^ days. After these 3 days, the withdrawal symptoms became?. 
25 milder and gradually disappeared. 

Naloxone precipitation tests were carried out after 9 
days of substitution treatment with DHE or methadone. For 
the monkeys maintained on morphine, naloxone injection 
precipitated a series of withdrawal symptoms after 15 sec 
These symptoms included squeaking, coughing, rolling 
tremor, vomiting, agitation, teeth-gritting on chain 
dyspnea, and finally lying down on the ground. The animals 
recovered by 7 days later. The monkeys substituted with 
methadone showed moderate naloxone withdrawal symptoms 
including yawning, placing hands on the belly, tremor of 
extremities, frequent teeth-gritting on chain and agitation. 
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However, those animals substituted with DUE showed no change 
m behavior both before and after naloxone precipitation. 
Table 3 shows the scores of naloxone withdrawal symptoms 
from the 3 different groups of monkeys, once morphine was 
fully excreted from the body (7 days after withdrawal) 
naloxone no longer precipitated any withdrawal symptoms. 

The naloxone precipitation test was used to evaluate 
whether these animals were dependent on morphine or had 
become dependent on the substitution opioid. 

Fig. 12 illustrates the variations in the scores of : 
withdrawal symptoms in monkeys after DHE or methadone 
substitution relative to compulsive withdrawal. in the 
compulsive withdrawal group (upper trace) that withdrawal 
symptoms reached a maximal score during the first several 
days, but returned to zero by 7 days after abrupt morphine 
withdrawal, on day 9, naloxone no longer precipitated any 
withdrawal symptoms . For the methadone substitution group 
(middle trace), the withdrawal symptoms during the first 
several days were partially suppressed, on day 9, naloxone 
precipitated withdrawal symptoms, suggesting that the 
animals have already switched to methadone dependence. For 
DHE substitution, group (lower trace) only minor withdrawal 
symptoms were observed . Naloxone precipitation tests on day 
9 did not trigger any withdrawal symptoms. These results 
25 indicate that DHE is an ideal low- or non-addictive 
substitution drug for treatment of opioid abstinence 
problems. 
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Table 3 

4„ l C ° r u* of J nal< ? xo »e withdrawal syndromes 

DHF or 8 •SfT"^ m ° nkeyS With °^ without 

DHE or methadone substitution treatment 



Treatment' 
(n) 



morphine (4) 
DHE (3) 
methadone (3) 



Scores of withdrawal syndromes (x + SD) 



1st naloxone 
precipitation* 



49.0 ±2.2 

2,0 + l.o"* 
17.0 + 4 . 6"* 



2nd naloxone 
precipitation 1 



1.5 + l.q 

i.o ± l.o 

1.3 ± 1.2 



into \ "S&SS^T* tSBrJFXBlP ?* phl ™ 'divided 
decreased to 3 ng/kg (divided i£L 'j in <° 4 s » b "»=«> 

methadone (divided Into a ...iS «*do»ea) , end 2< ng/kg 
(divided into /iuMosee) . UMGee6 ' to 6 



Example § 

PHE ELICITS POTENT LOW- Q R NON-ADDICTIVE ANALGE<5TA 
IN ACUTE AND CHRONIC PAIN PATIENTS f ^ 

The results in the first stage clinical trial showed 
that none of the 20 volunteers had euphoria feeling after 
DHE administration through sublingual route at 60 „g single 
aose. At high dosage (,.g. > x mg per day) , ^ ^ , 
nausea, vomiting and lethargy appeared. The results from 
second stage clinical trial demonstrated that DHE can 
45 effectively relieve postoperative pain and pain caused by 
terminal stag, of cancer. The effective rate of 730 cases 
that have complete medical records was 97.6%. Among them 
the effective rate of acute pain in patients fro,* 
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departments of surgery, obstetric and gynecology approached 
nearly 100%. The effective rate for relief of chronic 
severe pain and terminal stage of cancerous pain was 90-95% 
The clinical data indicate that the analgesic effect of DHE 
is substantial with only mild side effects, DHE treatment 
was effective in those terminal stage cancer patents that 
were unresponsive to morphine or pethidine (demerol) 
treatment. No cross tolerance to DHE was found in these 
patients. Long-term use of DHE can result in tolerance; 
however, the degree of tolerance is less than that observed 
with morphine or pethidine. 

Clinical treatment with DHE has been conducted in more 
than one hundred thousand patients in china. As an 
analgesic, the main disadvantage of DHE is its short action 
15 period (about 3-4 hours) . Compared with morphine, DHE has 
hxgh analgesic effect and low addictivity, whereas morphine 
has relatively low analgesic effect and high addictivity 
During many years of trials using DHE as an analgesic, no 
cases of drug abuse were ever reported. This phenomena may 
be attributed to the strict regulation of DHE treatment. 
The medication period for ordinary pain is typically limited 
to 1 week; whereas, for patients with terminal cancer pain, 
the treatment period is much longer. Although some of the 
patients became tolerant to DHE after long-term use, there 
*s a slight chance that a few patients may become addicted 
to the drug after long-term use (e.g., >. 6 months). 
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DHE SUBSTITUTION TREATMENT SUPPRESSES WITHnoawRr 

OPIATE ADDICTS W IT HOUT CONCOMITANT D^E^ADDI CTION ™ 

General p rot-orol : Institution of DHE therapy as a 
substitute drug began with a sufficient dose on days 1-3 to 
suppress completely the withdrawal symptoms. on days 4-7 
the dosage was reduced and by days 8-10 the DHE substitution 
therapy was terminated. This protocol was followed because 
(1) withdrawal symptoms are most severe during the first 3 
days after abrupt withdrawal of heroin or other addictive 
o P1 oid; ( 2 ) withdrawal symptoms gradually decline and 

a'ubstit 7 ' 10 dayS; (3) —ecvtive use of DHE as 

1, f ^ - tl0n agent f ° r 7 ~ 10 ^ys does not produce any 

15 self-dependence. J 

PHE administration: More than 300 cases of chronic 
heroxn users were treated for 7-10 days with DHE in 10 
hospitals in China. DHE was administered either sublingual 
in tablet form (40 „g) or by intramuscular injection (20 pg) 
20 or by intravenous dripping (20 „g> . The tablet form was 
used more often. At the onset of withdrawal symptoms/ 
subungual administration of l- 2 tablets (20-40 pg> of DHE 

of witno 617 r PPreSSed > he S ^ toms ' .sustained; suppression 
of withdrawal symptoms required repeated DHE medication 
25 every 2-4 h. Total dosage was adjusted according to the 

severity of the withdrawal symptoms. Typically after 4 days 
of DHE medication, the dosage required to suppress 
withdrawal symptoms. was generally reduced. The entire 

30 ° l r SUbStitUUOn WaS g — ny V days. ( Jn one 

30 instance of overdose of DHE, respiratory side effects 
occurred.) 

For addicts whose withdrawal symptoms were so severe 
and violent that sublingual medication was not enough to 
subdue them, intramuscular injection of DHE (20 „g) gave • 
35 instant relief. The addict generally became quiet and 

coo perative . „ owever , to maintain fche therapeutic effeet 

xt was necessary to administer DHE by intravenous dripping V 
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(100 nq in 500 ml glucose saline for 6-10 hr) . The 
transfusion rate depended upon the severity of symptoms: the 
drip rate was increased when the patient showed sign of 
restlessness or decreased when the patient was quiet and 
complained of lethargy, m severe cases, intravenous 
transfusion of DHE was maintained for 3-4 days with 
progressive decrease in dosage. On day 4 p r 5, intravenous 
dripping of DHE was converted to sublingual DHE ■ 
administration and terminated on day 7. Occasionally 
treatment was prolonged to 8-9 days, but never more than lo 
days to prevent possible occurrence of dependence. Hence, 
by using this optimal 7-10 day treatment period DHE is 
effectively employed as a substitute for drug addiction 
therapy. 

The effectiveness of DHE substitution therapy was 
evaluated on day lo by the naloxone precipitation test (0.4- 
0.8 mg naloxone, intramuscular injection) and urine analysis 
of the residual amount of opioid. The treatment course was 
considered successful if both tests were negative. 

One of the primary advantages of DHE over methadone A 
substitution therapy is the early onset of DHE 
effectiveness. Withdrawal symptoms were markedly relieved 
after ip-20 min of sublingual administration or 5 min of 
intramuscular injection of DHE . In contrast, with methadone 
substitution the first dose usually begins at lo mg and is 
increased every hour until the therapeutic effect is 
achieved. Such treatment can last from one to several hours 
before symptomatic relief. This period is intolerable to a 
patient with severe withdrawal symptoms. Furthermore, 
methadone substitution therapy often results in the rebound 
of withdrawal symptoms, suggesting dependence on methadone. 

In contrast, cessation of DHE administration generally 
proceeded smoothly. As with methadone, the side effects of 
DHE were negligible during substitution treatment for drug 
35 addiction, since DHE is short acting (only 2-4 hr) , 

frequent administration may be necessary. To avoidthis, 
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intravenous dripping of DHE is recommended. However 
intravenous administration can only be prescribed in'the 
hospital and is not applicable to the ordinary drug 
rehabilitation clinic, since methadone is effective orally • 
(once or twice a day), one alternative is to combine DHE and 
methadone treatments. For example, DHE is used initially 
for swift control of the withdrawal symptoms and is then 
replaced by methadone tp maintain the suppressing effect for 
2-3 days. The treatment is then switched back to DHE on a 
decreasing dosage regime until DHE is no longer needed 
(usually another 5-10 days). This combined therapy is safe 
pragmatic ana convenient. ' 

Example 7 

According to the following synthetic route (Figure 15) 
dxhydroetorphine hydrochloride was prepared using thebaine ' 
[Compound 1] as a starting material. 

(a> ^ e P a ^tion of 7--iir>fYl,77 < -endo-^H,,^ < ,, hv1rn: 
thebain e f Compound 2] 

1) ana V'T" ° f thebalne (49 ' 8 ^ 0.16 mol, compound 

round b^ , yl ket ° ne ( ' 50 ^ WaS reflUXed * 250 n* 
round-bottomed flask for 1 hour. The excess ketone was 

distilled off under reduced pressure. „arm methanol (60 mL) 

was added to dissolve the thickened oil. Under cooling a 

crystalline product formed and it was filtered, washed with 

ioe-cold methanol for 2-3 times and dried. The solid (56.6 

9, yield 93%) was obtained, m.p. 120-122*C. 

(b) • Preparati ° n " f ^-acety l-6 U - rn ao^H^^^ ^ : ' 
thebain e f Compound 3J 

IA \ k mixture of CQn, P° ynd C2J (I9.i g/o.os moi), 10% Pd/c 
(4 g) and absolute alcohol (200 mL) was catalyticaily 
hydrogenated under the hydrogen pressure of 40-50 kg/cm' at 
55-60-C with stirring for 8-12 hours. The catalyst was 
filtered off and filtrate was concentrated. After cooling, 
the crystalline product was collected and washed with 
absolute alcohol. The white solid (i 5 . 7 g , yield 82%) ^ 
obtained, m.p. 135-137°c. 
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(c) Prepara tion of 7"-Fl-(R) -hvdrovv-i- me hhvih,,tvn-6 . 1 d- 
endo^ethano-tetra hvdrothehaine r Compound 4] 
The Grignard reagent was prepared by the reaction of 
bromopropane (127.9 g, 1 mol) and magnesium (24.3 g, l mol) 
5 in iiqo mL of absolute ether. The compound [3 J (99.7 g, 
0.26 mol) in 1100 mL of benzene was added dropwise with 
vigorous stirring and under reflux. The reaction mixture 
was stirred and refluxed for another 2 hours. A saturated 
ammonium chloride solution was poured into the mixture, 
10 which separated the organic layer. The aqueous layer was 
extracted with ether for several times. The combined ether 
extract was washed with water until the washings became 
neutral. The extract was dried over anhydrous magnesium 
sulphate. After evaporating the solvent, the crude product 
15 was recrystallized from absolute alcohol. The white solid 
(75-79 g, yield 67-71%) was obtained, m.p. 184-186«C. 
. (d) Preparation of 7"-f 1-(R)-hvdrovv-i - m ethvlh,it-Yi fc-s, 14- ■ 
endo-ethano-tetrahvdroorinav ine fComp nnn,* k-\ 
A mixture of compound [4] (85.5 g, 0.2 mol) , diethylene 
20 glycol (1700 mL) and potassium hydroxide (616 g) was placed 
in a four-hecked flask. After the low-boiling substance was 
distilled off under a nitrogen stream, the reaction mixture 
was heated at an internal temperature of 200-210'C and 
stirred for 14-16 hours. The resultant mixture was poured 
25 into 10 L of water to dissolve it. A suitable amount of 
ammonium chloride was added until the solid separated out 
completely. The solid was filtered, washed with water until 
the washings became neutral, dried and extracted with 
absolute ether. After ether was distilled off, the crude 
30 product was recrystallized from methanol . The pure compound 
( 54-58 vieId 66-70%) was obtained, m.p. 204-206»C. 
Chemical and Spectral Analysis: C„H„N0 4 

Calc:% C 72.63 H 8.53 N 3.38 

Found:% c 72.40 H 8.65 N 3 . 22 

35 M* : 413 

IR (KBr) : r (cm 1 ) 3528, 3478, 3314, 3186 (OH); 
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'HNMR: 



10 



15 



20 



25 



30 



35 



1213 (Ar-O); 1110 (tert. ale. C-O) ; 3040 
(Ar-H) ; 1633, 1612, 1498 (Ar OC) ; lis? 
(C-O-C); 1283,1085, 882 (Ar-O-C) ; 2790, 
2764 (=N-CH,) ; 820 (Ar-H) . 
(CDClj, 400 MHz, S ppm) 

0.78 (m, 1H, 8oH); 0.87 (m, 3H, 25CH 3 ) ; 
1.02, 2-66 (m, 2H, 18CH,); 1.07 (m, 1H, 
8BH); 1.32 (s, 3H, 22CH,) ; 1.47 (m, 2H, 
23CH,); 1. 40 (m, 2H, 24CH,) ; 1. 64 , 2 . 00 
(m, 2H, 15CH,); 1.76, 1.90 (m, 2H, 
19CH,); 1.78 (m, 1H, 7CH) ; 2.21 (d, 1H, 
lOaH); 2.26, 2.44 (m, 2H, 16CH,) ; 2,30 
(s, 3H, 17CH 3 ) ; 2.65 (m, 1H, 9CH) ,* 3.09 
(d, 1H, 10BH); 3.46 (s, 1H, 30H) ; 3.55, 
(s, 3H, 20CH,); 4.37 (s, l H , 5CH); 5.32 
<s, 1H, 260H); 6.50 (d, 1H, 1CH) ; 6.67 
(d, 1H, 2CH) . 

H,,H, = 8 HZ, H IOJ ,H 10h = 18.3 Hz, 
H "' H " " 6 Hz, H^H,, = 11.7 Hz, 
H 9»H 10 „ = 6.5 Hz. 
(CHClj, 100 Hz, 6 ppm) 
C M =14.65, C„=15.86, C l9 =17.87, C 10 =21.94, 
C J2 =23.36, C,=29.73, C.,-31.70, (^35.38, 
• C 14 =36.0O, C„=43.44, C l7 =43,70, C I6 =45.13, 

'• C 7 M5.40, Gl ,=46.30, ^=52.62, C,=61.23, > 
C„=76.13, C 4 =30.38, C 5 =96.95, C,=116,76, 

C,=119.35, C„=127.57, €,,=131,92, 
C,=137.72, C 4 =14 5.67. 

(6) PreParati ° n ° f •^ hydf^nr phinn hydrn rhl oride rc^,,n^ 

ill .". ' • • ; / ■. 

The free base (5) (14 g, 0 . 0 34 mol) was dissolved in a 
mixed solvent of absolute alcohol (400 *L) and absolute 
ether (640 mL) . An amount of ether saturated with dried 
hydrogen chloride was added dropwise until the solution 
became acidic (pH =2). After adding 200 mL of absolute 
ether, a crystalline solid formed. The white solid was 



,3 CNMR: 
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collected, washed with absolute ether and dried. The 
desired final product (14-14,5 g, yield 92-94%) was 
Obtained, m.p. 297-298°C, [a] 10 -65. 

Chemical and Spectral Analysis: C J} H„NO,.HCl 

Calc:% c 66.72 H 8.06 N 3 n 

Found:% c 66.70 H 8.15 N 3.09 

Example ft 

PREPARATION OF VARIOUS DIHYDROETORPHINE (DHE) SALT"? 
AND ANALYSIS OF DURATION AND POTENCY 
OF THE ANALGESIC EFFECTS THEREOF 
A total of 26 dihydroetorphine (DHE) salts were 
prepared according to step (e) of Example 7 except the 
various acids listed below were substituted for HC1. 
I. Structures of 26 acids employed to form derivatives of 
dihydroetorphine salts 

*1. COOH 
I 

20 C0OH 

*2. CH,COOH 
I 



15 



25 



35 



40 



CH,COOH 
*3 . CHjCOOH 



*4 . HO-CH-CO0H 
1 

30 CHjCOOH 
5 • CHjCHCOOH 
OH 



HO-CH-C0OH 
I 

HO-CH-COOH 



* 7 - CHJCOOH 

I 

HO-C-COOH 
45 CH 2 COOH 
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8. 



9. 



10 . 



15 



*10. 



11. 
12. 

20 13. 
14. 
*15. 

25 

*16. 
17. 

30 18. 



19. 



20. 



a OH 
COOH 



COOH 



HO 




-OH 



OH 



HCCOOH 
HCCOOH 

CH 2 CH=CHCH=CHCOOH 
CHj(CH,) I0 COOH 
CH,(CHj) M COOH 
CH 3(CH 2 ), 4 COOH 
C s HjCH (OH) COOH 
(C t Hj),C(0H)COOH 
C 7«H J2 0 4 « 
CjHjCHCOOH 
CHjOH 
CgHjSOjH 

HOHjCC-C^C^-J-COOH 
O H OH 



W oh 
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22. 

10 

23. 
*24 . 

15 

*25. 
*26. 
20 27. 

25 



CHjCHCOOH 
OH 

C 6 H 4 (NH 2 ) (SQ 3 H) 
HBr 

HOjCCHtNHjJCHjCOOH 
HOjCCHNH^CHjJ^CQOH 



o 
ft 

cH,-C- 




30 



28. 



35 



40 




CkCH, 



45 



50 



* Preliminary screening tests have been done, 

A "mouse hot plate" (55°C + 0.5°C) method as previously 
described (Huang and Qin, 1982) was used to score % analgesia 
to measure the potency of each DHE salt which was injected to 
animals subcutaneously . The ED^ (the dqse that gives rise to 
50% analgesia as calculated by the following formula) was 
measured for the DHE salts shown in Table 4. 
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Analgeaia % = after *dn,inl B tratlon before administration 



60 - Pain threshold (sec) before administration 

A dose of 5 ED 50 was used for each salt to measure the 
corresponding analgesic duration. "Analgesia %» was 
recorded at 90, 120 and 150 min after administration (Table 

5 ) • 

In summary, an Ep M (/ig/kg) in the range of 0.50 to 2 0 
was observed with the 12 DHE salts tested, indicating an ' 
equivalent level of analgesic effect conferred by these 
15 salts (see data presented in Table 4). Furthermore, except 
for acetyl DHE, DHE maleate, and DHE amygdalate, all DHE 
salts demonstrated an equivalent level of analgesia over a 
120-150 min duration. 



Table 4 

Analgesic Effect, of Various DHE Salts 
Salts of DHE ~ ED J0 ( ttg/K g) 



25 DHE hydrochloride , 

Acetyl DHE (27) 
DHE maleate (10) 
DHE succinate (2) . 
DHE oxalate (1) 

30 DHE acetate (3 £*" 

DHE ma late (4) J'JJ 
DHE asparagate (25) , ,* 

DHE glutamate (26) 

,, °HE amygdalate (15) „ " 

DHE dibenjoylhydroxyl acetate (16) l.ll 
DHE citrate (7) ■ . ' , 



40 



* The numbers following each salt correspond 
to the numbered compounds of Example 8 
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Salts of DHE 



Table 5 

Analgesia X (x t SD) 



90 mfn 



OHE hydrochloride 

Acetyl DHE 

DHE meteate 

DHE succinate 

DHE oxalate 

DHE acetate 

DHE instate 

DHE asparagate 

DHE glutamate 

DHE amygdatate 

DHE dlbenioylhy- 
droxyl acetate; 

DHE citrate 



42.39 I 31.34 
5,96 * 12.65 
15.8* i 13.82 
26.16 i H.B6 
H.21 i 6.37 
21.6* * 10.11 
26.92 i 23.75 
40.96 t 37.28 
29.33 i 36.15 
29,15 i 26.73 
45.01 * 49.66 



120 mtn 
20.05 i 10.91 
8-85 t 9.47 
MO 

30.77 t 42.35 

19.35 i 24. H 
29.54 i 30.93 

22.36 t 19.29 
35.94 i 45.06 

°.27 i 12.57 
1.87 i 2.97 
13.85 i 17.49 



150 mln 



28.49 i H.21 
■ WD 
ND 

32.26 * 35.89 
NO 
WD. 
WO 

21.44 i 35.68 
14.09 i 17.07 

..- N0 •- 
HD 

K.27 t 14.49 



Example Q 

The pharmaceutical preparations of . dihydroetorphirie 
hydrochloride include a parenteral injectable sterile 
solution and a sublingual tablet. 
^ ^ e P^tion of Inj ectable H^^^^ 

_ This injectable is a pharmaceutical preparation in a 
sterxle aqueous solution, its outward appearance is ' 
transparent and colorless. Each ampule contains 20 W of 
said compound a S the active ingredient in 1 mL of solution. 
The prescription is shown as follows: 

Pihydroetorphine hydrochloride 20 mg 

0.001 N Hydrochloric acid q .s. 1000 mL 
Pre parat i on of dihy droetornh ing hv^Ki^ H _ ... 
sublingual tahloh 

The outward appearance of the sublingual tablet is 
White E , ch tabXet contal „ s „ m ^ eaid c o 

as active ingredient. HV 

For example, the prescription for 10000 tablets at 40 
Mg per tablet is as follows: 

Dihydroetorphine hydrochloride Ann 

4 00 mg . 



(b) 
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Lactose: starch rmannitol: sucrose (3:1:3:3) 600 g 

Sodium carboxymethyl cellulose (1% ague sol'h) 18 mL 

Ethyl alcohol (50%) 24 mL 

Magnesium stearate , 

6 g 

According to the above-mentioned prescription, a 
designated amount of dihydroetprphine hydrochloride was 
weighed and dissolved in 50% ethyl alcohol. This solution 
was added dropwise onto excipients under mechanical stirring 
to ensure uniformity. Meanwhile, 1% sodium carboxymethyl 
cellulose solution was added dropwise. The soft material 
thus formed was screened through a 20-mesh sieve and the 
same operation was repeated for 3 times. The product was 
then dried in an oven at 60»C. Magnesium stearate was added 
as a -lubricating agent for the tablets. 
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WE CLAIM: 

1. An iri vitro screening method for identifying a 
low- or non-addictive opioid analgesic which comprises 
identifying a compound which is capable of evoking an 
5 inhibitory effect on an opioid receptor-mediated function 
and which is not capable of evoking an excitatory effect on 
said function when said compound is present at a 
concentration ranging from about femtomolar (fM) to about 
micromolar ((xtt) . 

10 2 ' The method of Claim 1 wherein said compound is 

identified by recording the action potential duration (APD) 
of a sensory neuron as elicited by said compound relative to 
a control condition in a cell culture screening assay; 
selecting a compound which shortens said APp and does not 
prolong said APD relative to the APD from said control 
condition when said compound is assayed in the concentration 
range of about fM to about W M; and thereby identifying said 
low- or non-addictive analgesic. 

3. The method of claim 2 wherein said cell culture 
screening assay comprises exposing a dorsal-root ganglion 
(DRG) neuron to said compound, applying an intracellular 
depolarizing current to said DRG neuron, and recording said 
APD. 

4. A non-addictive opioid analgesic capable of 
evoking an inhibitory effect on an opioid receptor-mediated 
function and which is not capable of evoking an excitatory 
effect on said function when said compound is present at a 
concentration ranging from about femtomolar fM to about M M. 

5. The analgesic of Claim 4 wherein said analgesic is 
etorphine, dihydroetorphine, or ohmefentanyl. 

6. A non-addictive opioid analgesic produced by the 
process of Claim 1. 

7. A method of treating opioid addiction which 
comprises administering an effective amount of a non- 
addictive opioid analgesic of any one of Claims 4 to 6 to a 
patient for a first time sufficient to relieve or suppress 
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withdrawal symptoms of said opioid addiction, and 
subsequently administering decreasing amounts of said 
analgesic for a second time sufficient to wean said patient 
from said analgesic. 

8. The method of claim 7 wherein said analgesic is 
etorphxne, dihydroetorphine, or ohmef entanyl. 

9. The method of Claim 7 or 8 wherein said amount is 
from about 10 „g to about 1000 ng per day. 

10. The method of Claim 7, 8 or 9 wherein said first 
Ume i. from about 1 to about 5 days, said second time is 
from about 1 to about 7 days and the sum of said first time 
and said second time is from about 2 to about 12 days. 

11. A method of treating opioid addiction which 
comprises administering about 40 to about 500 „g of 
dihydroetorphine to a patient for about one to about three 
days administering decreasing amounts of dihydroetorphine 

ZZl °hT I about 4 -° about 7 days and * 

further dihydroetorphine by about io days after first 
administering said dihydroetorphine. 
20 12 * A method of treating opioid addiction which 

comprises administering an effective amount of a non- 
addictive opioid analgesic, to a patient for a first time 
Efficient for immediate relief or suppression of withdrawal 
symptoms due to said opioid addiction; administering an 

s flcientT"",^ T rePlaCEment ° Pi0id f - a second time- 
sufficient to maintain said relief or said suppression; 

followed by administering decreasing amounts of said non^ 
addictive opioid analgesic for a third time sufficient to 
wean said patient from said analgesic. 
30 13. The method of Claim 12 wherein said first 

administration of said non-addictive opioid analgesic and 
said administration of said replacement opioid is made 
simultaneously. 

14. The method of Claim 12 or 13 wherein said 

35 analgesic is etorphine, dihydroetorphine, or ohmef entanyl. 

15. The method of claim 14 wherein said amount of said 
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analgesic is from about 10 ag to about looo )xg per day. 

16. The method of claim 12 or 13 wherein said 
replacement opioid is methadone. 

17. The method of claim 16 wherein said amount of said 
replacement opioid is from 5 to about loo mg/day. 

18. The method of any one of Claims 12 to 17 wherein 
said first time is from about 1 to about 3 days, said second 
time is from about l to about 3 days, said third time is 
from about 1 to about 8 days and the sum of said first 
second and third times is from about 3 to about 14 days. 

19. The method of claim 13 wherein said first and 
second times are a single time period of from about 2 to 
about 6 days and the sun, of said period and said third time 
is from about 3 to about 14 days. 

15 20. The method of any one of claims 12 to 19 wherein 

any of said administerings pf said npn-addictive opioid or 
said replacement opioid is sublingually , intramuscularly or 
intravenously. 

21. A method of treating acute or chronic pain which 
comprises administering an effective amount of 
dihydroetorphine for a time sufficient to relieve or 
suppress said pain without addiction or with low addiction 
wherein said amount is about 10 „g to about 1000 M g 

22. The method of claim 21 wherein said amount for 
acute pain is about 20 to about 60 Vg administered 
sublingually every three to four hours. 

23. The method of Claim 21 wherein said amount for 
chronic pain is about 20 to about 100 „g administered 
sublingually every three to four hours. 

30 24. The method of claim 21 wherein said amount for 

acute pain is about io t 0 about 30 M g administered 
intramuscularly every three to four hours. 

25. The method of claim 21 wherein said amount for 
chronic pain is about lo to about 50 „g administered 
intramuscularly every three to four hours. 

26. A method of treating acute or chronic pain which 
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comprises co-administering an effective amount of a low- or 
non-addictive opioid analgesic and an effective amount of a 
replacement opioid for a time sufficient to relieve 

" c :l:- leviate said pain without addiction 

dihvdrL Th l nBth0 * Pf Claim 26 said analgesic is 

dihydroetorphme, etorphine, ohmefentanyl or a 

pharmaceytically-acceptable salt thereof. 

_ 28 The method of claim 26 wherein said amount of said 
analgesic is about 10 „g to about 1000 ng. 

dih h 29 '. The i meth °" ° f Clalm 27 wherein said analgesic is 
P in i 7 P , SaAd am ° Unt of said analgesic for acute 

pam is about 20 to about 60 ,g administered sublingual ly. 

30. The method of Claim 27 wherein said analgesic is 
dihydroetorphine and said amount of said analgesic for 
chronic pain is about 20 to about loo m administered 
sublmgually. 

31. The method, of claim 27 wherein said analgesic is 
d, ydroetorphine and said amount of said analgesic\ Q r a te 
pam is about 10 to about 30 m administered 
intramuspularly. 

. 32. The method of Claim 27 wherein said analgesic is 

dihydroetorphine and said amount of said analgesic for 
chronic pain is about 10 to about 50 „g administered 
25 intramuscularly. 

cpioif^ m th °" ° f Clain 26 Wherein said ^l»e» e „t 
opioid is morphine, methadone or fentanyl 

f T** 01 Claim " " herel " «W -ount of said 
replacement opioid is about 5 to about 100 », per day. ' • ' 

opioid ■ :r h °" CU1 " " ""•"i" ■»« replacement 

Til r." T" " d oihydroetorphine or 

a pharmaceutically acceptable salt thereof. 

non M', Phar " a0,!UtiCal ™-P°=i"on comprising a low- or 
non-addlotive opioid or , pharmaceutical!, acceptable salt 
thereof. ln admixture with a Pharmabeutically acceptable 
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37. The pharmaceutical composition of Claim 36 further 
comprising a replacement opioid. 

38. The pharmaceutical composition of Claim 36 further 
comprising naloxone. 

"5 39. The composition of any one of Claims 36 to 38 

wherein said non-addictive opioid is dihydroetorphine, 
etorphine, ohmefentanyl or an analogue thereof. 

40. The composition of anyone of Claims 36 to 39 
wherein said non-addictive opioid is dihydroetorphine 

10 hydrochloride. 

41. The pharmaceutical composition of Claim 40 wherein 
said composition is in a dosage form for a sublingual tablet 
comprising about 20 jug to about 40 jug of said 
dihydroetorphine hydrochloride. 

* 5 42 '■ The Pharmaceutical composition of Claim 4 0 where 

said composition is in an injectable dosage form containing 
about 20 ng to about 100 jig of said dihydroetorphine 
hydrochloride. 

43. The pharmaceutical composition of Claim 37 or 38 
wherein said amount of said analgesic is from about 10 jig to 
about 1000 fig per day. 

44. The pharmaceutical composition of Claim 37 wherein 
said replacement opioid is methadone, morphine, fentanyl or 
buprenorphine. 

45. The pharmaceutical composition of Claim 37 or 44, 
wherein said amount of said replacement opioid is from about 
5 mg to about 100 mg per day. 

46. The pharmaceutical composition of Claim 37 wherein 

said analgesic is dihydroetorphine, or a pharmaceutically- 

30 'acceptable salt thereof, and said replacement opioid is 
methadone . 

47. The pharmaceutical composition of Claim 37 wherein 
said analgesic is dihydroetorphine, or a pharmaceutically- 
acceptable salt thereof, and said replacement opioid is 

35 morphine. 

48. A method for preparing dihydroetorphine and 
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analogues thereof which comprises reacting thebaine with an 
excess of methyl vinyl ketone for a time and under 
conditions sufficient to produce a first product and 
recovering said first product; subjecting said first product 
to catalytic hydrogenation to produce a second product and 
recovering said second product; reacting said second product 
with a Grignard reagent of the formula RMgX for a time and 
under conditions to produce a third product and recovering 
said third product; reacting said third product with a 
strong base in an anhydrous solution for a time and under 
conditions sufficient to produce said dihydroetorphine or 
said analogue thereof; wherein R is a lower alkyl group and 
X is a halogen. 

49. The method of Claim 48 wherein R is n-propyl or 
15 iso-amyl. 

50. The method of claim 48 which comprises reacting 
said dihydroetorphine or said analogue with an acid to form 
the corresponding salt and recovering said salt. 

51. A method of preparing etorphine or an analogue 
thereof which comprises reacting an excess of methyl vinyl 
ketone with thebaine for a time and under conditions to 
produce a first product and recovering said first product; 
reacting said first product: with a Grignard reagent of the ' 
formula RMgX for a time and under conditions to produce a 
second product and recovering said second product; reacting ' 
said second product with a strong base in an anhydrous 
solution for a time and under condition to produce said 
etorphine or said analogue thereof; wherein R is lower alkyl 
and X is a halogen group. 

39 52 ' The method of Claim 51 wherein R is n-propyl, n- . 

butyi , n-amyl , iso-amyl or cyqlohexyi. 

53. The method of claim 51 which comprises reacting 
said etorphine or said analogue with an acid to form the 
corresponding salt and recovering said salt. 
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